the objective of the investigation was to improve the differential diagnosis of inflammatory bowel diseases, on the basis of an integrated assessment of morphological data, the findings of optical imaging of tissues, and immunohistochemical examinations of the oral mucosa.
Introduction. Crohn's disease (CD) and ulcerative colitis (UC) are two types of inflammatory bowel disease (IBD) . By number of clinical presentations CD and UC are, to some extent, similar, however, each has a variety of specific features. While both diseases are characterised by nonspecific immune inflammation, UC affects only the large intestine (except in retrograde ileitis), the inflammation process always involves the rectum, and at most, the inflammation is diffuse and limited to the mucosa (except in fulminant colitis). CD is characterised by transmural segmental inflammation of any part of the gastrointestinal tract. The diagnostics of Crohn's disease and ulcerative colitis are based on a combination of clinical, endoscopic, histological and radiological data [1, 2] . Differential diagnosis of these diseases can be troublesome, when in CD the inflammation is confined to the large intestine, and the endoscopic and histological signs of CD and UC are therefore almost identical, since there is no socalled gold standard. Unfortunately, not all CD patients have such pathognomonic symptoms, as "cobble-stone pavement", punched-out and aphthoid ulcers, strictures or fistulas, which would help to verify the diagnosis. CD may proceed for years under a mask of UC or not classified colitis, and frequently, the disease becomes obvious only if complications develop [3] .
Both diseases are progressive: CD results in the development of strictures and penetrating, including perianal, complications, with a risk of surgery being required; progressive UC is associated with the extended involvement of the large intestine, and the risk of dysplasia and colorectal carcinoma. The necessity for a precise diagnosis is dictated by the similarity in the natural course of each disease, and also by their different responses to drug therapy, especially in relation to the choice of medications and the likely extent of surgery required. Microscopic analysis of numerous colorectal biopsies enables a reliable CD diagnosis in only 64% of cases, while for UC the corresponding figure is 74%. If the disease is limited to the large intestine, a definitive diagnosis of UC or CD cannot be made in 5-10% of cases, even in specialist clinics [4] . In such a situation, the European Crohn's and Colitis Organization (ECCO) advises the use of the term "not classified colitis", when UC and CD cannot be differentiated after studying a case history, the analysis of clinical presentations, the histological examination of numerous biopsies of the intestinal mucosa or a radiological study. Attempts to differentiate UC and CD using pANCA and ASCA antibodies have not been successful, since the sensitivity of the technique is only 40-60%, which reduces its value in non-classified colitis [5, 6] .
According to most researchers, UC and CD differ in the types of cellular immune response [7, 8] . Immunohistochemical examinations explain some problems of the pathogenesis of both diseases; however, their position in a diagnostic algorithm is still unclear [9] .
There are different opinions on the involvement of the oral mucosa (OM) in the inflammatory process in CD. Some authors consider oral diseases in relation to CD-specific localisation, while others see them only as extra-intestinal manifestations [10, 11] . Previous studies carried out on resected intestinal tissues, and later -in vivo endoscopic materials, have shown the diagnostic capabilities of optical coherence tomography (OCT) in the differential diagnosis of CD and UC [12] . Moreover, these authors studied the correlation of OCT findings with the results of histological studies, determined the criteria for OCT images in different types of IBD (transmural inflammation with destruction of the structural layering of the intestinal wall in CD, and surface inflammation with clearly differentiated layers in UC), and demonstrated the high diagnostic accuracy of OCT. The use of such OCT modification as cross-polarization OCT (CP OCT) has made it possible, both to carry out in vivo study of microstructure tissue changes, and also to obtain an overview of changes in collagen structure, based on an assessment of its polarization characteristics.
The value of OCT diagnostic information has been demonstrated in many studies in the early diagnosis of dental and soft oral tissue diseases [13] [14] [15] . The search for new differential diagnostic criteria in the oral cavity as manifestations of IBD, using modern research techniques, is relevant in extending the concept of the pathogenesis of combined oral and intestinal pathology, and in developing novel approaches to the differential diagnosis of CD and UC.
The objective of the investigation was to improve the differential diagnostics of inflammatory bowel diseases, based on an integrated assessment of morphological data, the findings of in vivo optical imaging of tissues, and immunohistochemical examinations of the oral mucosa.
Materials and Methods. With the aim of studying the morphological and immunohistochemical characteristics of the OM, we examined 26 patients with CD and 17 patients with UC, who were being treated in the City IBD Diagnostic and Medical Centre, Saint Petersburg, from 2008 to 2013. The control group consisted of 20 subjects with neither IBD nor OM diseases.
The study complies with the declaration of Helsinki and approved by the Ethics Committee of I.I. Mechnikov NorthWestern State Medical University. Written informed consent was obtained from all patients. As a preliminary, all patients underwent ileocolonoscopy with multiple biopsy, followed by a histological and immunohistochemical study of the bioptates of the large and small intestinal mucosae. For the histological examination of the OM we chose the buccal area as an example of a tissue covered by stratified squamous epithelium and having a marked connective tissue subepithelial layer. Bioptates were taken from a point situated 0.5 cm above the third molar occlusal surface. The material obtained was placed on filter paper and fixed in 10% neutral buffered formaldehyde solution. The subsequent paraffin embedding was performed according to standard practice. A series of sections 5 µm in thickness was obtained in a single-stage procedure. The sections were stained with hematoxylin and eosin, as well as with van Gieson's picrifuchsin stain. Using survey microscopy we assessed the stromal epithelial relationships, as well as the intensity and character of any inflammatory response.
We obtained 166 CP OCT images of buccal mucosae from 16 CD patients and 10 UC patients using an ОКТ1300-U (BioMedTech, Russia) with an operating wavelength of 1300 nm. Performance characteristics are tissue incident power of 3 mW, depth resolution of 15-20 µm, lateral resolution of 25 µm, scanning depth of ~1.5 mm, frame rate for B-scan image pair of 200×256 pixels each is 0.5 frames per second. More detailed system descriptions, including the optical phase retardation particulars to enable CP operation, have been published previously [16, 17] . CP OCT combines two images containing different information related to the internal structure of the tissues. The image obtained with the initial polarization provides data on the scattering by tissue components, and is primarily analyzed using such criteria as the presence/absence of layering. OCT signal in the orthogonal image indicates the presence/absence of anisotropic tissue components such as collagen fibers (CF). Each region of interest was scanned several times until a repeatable image was obtained; then a biopsy was taken from this area for morphological analysis. We visually compared and quantitatively assessed the CP OCT images and the morphological data of the CF using polarization microscopy of the picrosirius red stained histological specimens. The quantitative assessment of the CP OCT images consisted of the automatic calculation of the integral depolarisation factor (IDF) -a ratio of the OCT signal in orthogonal image to the analogous value calculated in the initial polarization image [18] . The quantitative processing of the digital images consisted of an assessment of the average intensity of 72 histological specimens of buccal mucosae stained with picrosirius red and photographed in polarized light under similar conditions. Evaluation of the intensity and thickness of the CF in the images was carried out according to the technique described by Giattina et al. [19] , using Photoshop 7.0.1.
Immunohistochemically, the OM and intestinal bioptates were studied using monoclonal murine antibodies (Dako Company, Denmark) to CD5 (to reveal the T-lymphocytes), CD20 (to reveal В-lymphocytes); CD16 and CD57 (to reveal NK-cells), CD31 (to reveal vascular endothelium), and tryptase (to reveal mast cells). The findings were quantitatively assessed using a system of computerassisted assay of the microscopic images, consisting of a Nikon Eclipse E400 microscope (Japan), a Nikon DXM1200 digital camera (Japan), and a personal computer with АСТ-1, version 2.12 and Videotest-Morphology 5.2 software (Russia). The marker content was estimated over three fields of vision at ×200 magnification to obtain an average staining intensity (over a range from 0 to 255 relative units (RU); negative expression being characterised by a value of 255) and an index of the relative area of immunohistochemical staining. The expression of the relative area (S, %) was calculated as the ratio between the area of the immunopositive cells to the total area of the visual field, and expressed in percentage terms.
Results and Discussion. Based on the morphological and immunohistochemical analyses we studied, the pattern of inflammatory response in the two types of IBD determined the frequency of the individual attributes, and revealed the differences between the groups. On the basis of the above data we established differential diagnostic criteria and assessed their operational characteristics.
Histological studies showed that, among other morphological OM characteristics in IBD, mononuclear (primarily, lymphoid) infiltration was determined more frequently: in 94.4% of cases in CD, and in 66.7% in UC (χ 2 =6.44; p=0.01). Acanthosis and epithelial dystrophy occurred less frequently in both groups (p>0.10). In addition, focality of infiltrate was a highly specific sign for CD. Focal infiltrate was revealed in 94.4% of CD cases, but in only 33.3% in UC. One third of UC patients had scanty diffuse lymphoid infiltration. Mononuclear infiltration of tissues outside the bowel suggests an autoimmune character of the IBD [20] , and to be more marked in CD [21] .
The capabilities of CP OCT enable us to assess microstructural OM changes in the IBD. CP OCT images of CD patients show morphological signs of mucosal inflammation, verified histologically in 100% of the bioptates. Compared to the norm, the CP OCT images in initial polarization image demonstrate either contrast attenuation, or no contrast, for the epithelium and lamina propria, and no clear layering. CP OCT images of UC patients were characterized by a slight contrast decrease of the clearly differentiated optical layers of the epithelium and lamina propria, and maintained the layered organization of the mucosa (Figure 1) .
Given the tendency of the gastrointestinal mucosa to show fibrosis in CD [22], we estimated the microstructural changes of the OM in patients with CD and UC. OCT orthogonal polarization images from CD patients, when compared to the norm, and to UC patients, showed an increased signal intensity from fibrosing collagen in the lamina propria, comparable to the increased intensity of brightness of the collagen fibers and bundles in polarized light on the histological picrosirius red stained specimens, indicating excessive collagen accumulation in the connective tissue stroma.
To improve the diagnostic accuracy of the technique, in addition to the visual assessment of the pathological processes, we carried out a quantitative analysis of the images, by calculating the IDF. We revealed an increased OCT signal from fibrosing collagen of the lamina propria in CD patients compared to the OCT signal in UC patients. We found that the IDF in CD differs significantly from that in UC (0.17±0.01 versus 0.13±0.01; p<0.05).
Significant differences in the quantitative index of the depolarization of the probing radiation indicate different structural and spatial organization changes in the stromal CF of the mucosae for the different diseases, with excessive CF accumulation and thickening (marked fibrosis) in CD, but only slight fibrosis in UC. Thus, the IDF can be used to diagnose degrees of fibrosis, and this is consistent with the findings of the morphometric study showing the difference in CF thickness and density in the two diseases. There is a high correlation coefficient between the IDF and the mean intensity of the histological picrosirius red stained specimens (r=0.72; p=0.0001; n=26). We calculated the indices of diagnostic efficiency for various IDF values in increments of 0.01. An IDF equal to 0.13 was found to provide the best index of diagnostic efficiency in the differential diagnosis of CD and UC. A definitive diagnostic rule for differential diagnosis was formulated: if the IDF is 0.13, then a patient has CD; if the IDF is <0.13 -UC. The sensitivity of the CP OCT differential diagnostic technique for CD is 88.9%, the specificity is 70.6%, the predictive value of a negative test is 61.5%, and the predictive value of a positive test is 92.3%. The overall diagnostic accuracy is 76.9%.
In the control patients immunohistochemical study of buccal mucosa bioptates showed no expression of CD5, CD16, or CD20 and only low expression of CD31 and CD57. On the other hand, all the cell types under study were revealed, with different frequencies, in both groups with IBD (Figures 2-4) . We found significant differences in CD and UC for the degree of expression of CD16, CD31 and CD57. The extent of expression of each of these markers in the oral cavity was higher in CD than in UC, which indicates the complete activation of the cell element of the immune system and moderate inflammation activity in the oral cavity in the case of CD (Table 1) .
For the purpose of differential diagnosis we used discriminate function analysis, which enabled us to identify the most significant indices for use as differential diagnostic criteria of CD and UC. The indices were included in a discriminant equation based on Fisher's F-ratio test. The where DF is the discriminant function (non-dimensional value); zICD57 is the degree of expression (code: 1 -low, 2 -moderate, 3 -high); INTCD31 is the average staining intensity (absolute unit); zICD16 is the degree of expression (code: 1 -low, 2 -moderate, 3 -high); zSCD16 is the presence of staining (code: 0 -there is no stained area, 1 -there is a stained area). According to the technique we have developed, the IBD diagnosis procedure consists of the calculation of the discriminant function for each patient, with a subsequent comparison of the result with a threshold value. The maximum indices of diagnostic efficiency were found to be achieved if the value was 1.46. To make a diagnosis, we formulated the decision diagnostic rule: if the discriminant function index is 1.46, the most probable diagnosis is CD; and if the index is >1.46, the presence of UC is indicated. We checked the model by comparing the actual and predicted diagnoses of CD and UC. The technique sensitivity is 100%, its specificity -92.3%, the predictive value of a negative test -100%, the predictive value of a positive test -89.5%. The overall diagnostic accuracy is 95.3%.
Given the participation of mast cells in the inflammatory responses [23] , in order to search for additional differential diagnostic criteria of CD and UC we carried out an immunohistochemical study of the mast cells of the buccal mucosa, using antibodies to tryptase. Mast cells are known to be involved in the remodeling of tissues in CD. Chemokines released by mast cells can selectively attract macrophages and CD4 + cells, worsening any inflammatory response in the damage area [24] .
We revealed significant differences in the area and intensity of tryptase expression in CD and UC ( Taking into consideration the effect of mast cells on collagen metabolism in reparative fibrosis [25] we carried out an analysis of the relationship between the IDF and the area of tryptase expression, and revealed a correlation between the IDF indicating CF accumulation in fibrosis, and the area of tryptase expression (r=0.53; p=0.019; rs=0.52; p=0.022; n=20).
Conclusion. Based on the assessment of morphological data, the findings of optical coherence tomography and immunohistochemistry, we have distinguished differential diagnostic criteria for Crohn's disease and ulcerative colitis using the state of the oral cavity. The criteria enable us to optimize the algorithm for the differential diagnosis of inflammatory bowel disease. When carrying out an integrated diagnostic examination of a patient one should follow certain diagnostic procedures. Taking into consideration the non-invasiveness and particularly high diagnostic accuracy of CP OCT we recommend using a quantitative assessment of CP OCT images (calculation of the integral depolarization factor) as the first stage of operational differential diagnosis on the basis of the condition of the oral mucosa. In the case of inconclusive results, an oral mucosa biopsy, followed by morphological and immunohistochemical studies would be expedient.
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